Sustainable control of taro beetles via scoliid wasps

and Metarhizium anisopliae by Faithpraise, F O et al.
Sustainable control of taro beetles via scoliid wasps and 
Metarhizium anisopliae
Article  (Published Version)
http://sro.sussex.ac.uk
Faithpraise, F O, Idung, J, Chatwin, C R, Young, R C D, Birch, P and Lu, H (2014) Sustainable 
control of taro beetles via scoliid wasps and Metarhizium anisopliae. International Journal of 
Biological, Veterinary, Agricultural and Food Engineering, 8 (6). pp. 630-635. 
This version is available from Sussex Research Online: http://sro.sussex.ac.uk/51876/
This document is made available in accordance with publisher policies and may differ from the 
published  version or from the version of record. If you wish to cite this item you are advised to 
consult the publisher’s version. Please see the URL above for details on accessing the published 
version. 
Copyright and reuse: 
Sussex Research Online is a digital repository of the research output of the University.
Copyright and all moral rights to the version of the paper presented here belong to the individual 
author(s) and/or other copyright owners.  To the extent reasonable and practicable, the material 
made available in SRO has been checked for eligibility before being made available. 
Copies of full text items generally can be reproduced, displayed or performed and given to third 
parties in any format or medium for personal research or study, educational, or not-for-profit 
purposes without prior permission or charge, provided that the authors, title and full bibliographic 
details are credited, a hyperlink and/or URL is given for the original metadata page and the 
content is not changed in any way. 

 
 	 	


  	
 		

  


 
     






 
      
  

    
    
		

	

	

		




 
 

  
 	
  
 


 
   ! 
   
 	


 



"



!	



#





	


		



	




   
  	 
  	
  


	

	




	




$%&
 
 
  
 
   	
  







		


"

	
	




	
	   	

	



# #'()*+#)'
(,	




	

	


 	 -$. 
  
 
! 	


 

 
   
 
 
" /


	


*	


/
	


(

0
1
'
2(
	


3


	


 4 	


 

  	


  	



0	
2-%.-5.-6.





	!

!
		


-7.)






		


	8



9 ) 9
   
 *

  1

  *

0,
 1

2 +
  
: , ,'$ ;< +=
0
">660&2?6577%&%&5
"9@$A
:!2
/ #   
*

  B C 1
 ,
+
  	 DE, &$$$7 '
 0
"
8
&6A2
(   
 *

  1

  *

0,
 1

2 +
  
: , ,'$ ;< +=
0
">660&2$%?5@?F;&$
"(A
:!2
(*G   
 *

  1

  *

0,
 1

2 +
  
: ,  ,'$ ;< +=
0
">660&2$%?5@?F;&F
"(*GA
:!2
D,  
*

  1

*
 0,

1

2 +
  
: ,  ,'$ ;< += 0
"
>660&2$%?5@?F775
"DE,A
:!2
HH   
 *

  1

  *
 0,

1

2 +
  
: , ,'$ ;< += 0
"
HHA
:!
##(1H1*I)(=

	


!

:	






"
  	
 
  

 9 

 
  	  
	-@.-?.		



		 -F.-$&.9	




		-$$.-$%.,

  
 	

 
  
	
 -$5. '

 0
 
	

2
	




  	


 -$6. 
 
	  	


 


 
  -$7.    
 


 
 
  
  
 






-$@.
 
 	 
 
	
 	
 
  
	
  
  	 	 
  	



 
  

    

  


  


   	
  


  
	


	




### E)*1HE1(#H'*E13)*)H)4G










:




	






 
 
  
 	 	


 
 	 	


 

 	

   

 
   
 

  
 


    
 	



! 	
	! 





	



-$?.-$;.

 	
  
 
 ! 	 

  
 
 

  

 

 
 
  
   
  
 	
-%&.

!
!

  
   	  
  
 


  
 0	


 
2    
  

J




	
-%$.
#
	 	





 





   	 

   
 
 
 

-%%.
 
	
  

   
:
 
   

!  
  

-%5.






	


!



67
-%6.-%@. 	     
9)9
/#((*GD,3H
	
,


I
	

World Academy of Science, Engineering and Technology
International Journal of Biological, Veterinary, Agricultural and Food Engineering Vol:8 No:6, 2014 
630International Scholarly and Scientific Research & Innovation 8(6) 2014
In
te
rn
at
io
na
l S
ci
en
ce
 In
de
x 
V
ol
:8
, N
o:
6,
 2
01
4 
w
as
et
.o
rg
/P
ub
lic
at
io
n/
99
99
97
8

  
     





	


-%?. -%F. 

-%;. 	    
  

 
 

	

	

 
   
   
 
  

-5&.

	


-5$.#
	

 

  
   
 
 	


 -;.
-5%. -55.    
 
 

  K,#) $&%&K 
KE
7%K-56.


	

	



 !	
 	" 	 	"   	
#

	  


 
         
 	



 
   
  
  

 
 
 
  
J

!











 
 
 
  ! 

  
 	
 	  0

2  
  
 



	
	




 
  
 
 

  


	

 
  

 
 :
  
 
 L 
 
 

	
!
9




 
  


   
 !  



	



 
 

  
 
 

 

 

  

 
 
 M -%?. 



	





J


  
 
 
 
     


L!




 
  
 
 	    



!







 9 $3

 

  
 

   
 	  
  
 


"

	

-57.


9$



		
-%?.-5@.





!





!



 	
  
 
  


  
    
  

 

    	
  
 
 	


 

   

   	 	


   


 
  
  	

 
 
   	   

9%




  	 	


  
  
 	


 


  
    
 	
 

 
  
   
 
 
   	
	


  

  
  	


  
 


  
 
 
   
 
 

    	


)
 
   


  
	


 
  
 	 
 !  






	




	




 
  
    


	



!9%

!
	


 
  
 
 
 
 

  

		







 
   

 	  

 
 
  



 

 	



	!9
%  
 
    
 	
1  $  7 
   
  
 

		


02





	
 













 $$$



$
−−= εβ       0$2







%







 $$$$$$



$
−−−−= ζλε  0%2

%

%



% $$$



$
−= ξ    052









 $$$



$
−−= ρλ       062











 −
−−=

















&
$&
$$$$



$
NO τρ   072



"







 $$$$  PD
	


"





%$ PD

τζ  P	 

! 





&  P 1
    
  
	










   P  	


  
"  
 






 P

ξ P

   

  

 P		J



β P'	



	



ε P9
	




λ P9	


L





ρ P9
	



World Academy of Science, Engineering and Technology
International Journal of Biological, Veterinary, Agricultural and Food Engineering Vol:8 No:6, 2014 
631International Scholarly and Scientific Research & Innovation 8(6) 2014
In
te
rn
at
io
na
l S
ci
en
ce
 In
de
x 
V
ol
:8
, N
o:
6,
 2
01
4 
w
as
et
.o
rg
/P
ub
lic
at
io
n/
99
99
97
8


9%D
	





	






:



	


	


 
 
   
 
 

  

 
  0$2  072  


6


(
Q=

	
	
-5?.-6&.



 




 
  
  
  
	
  


!  -6$. 
  


 	


	






0
  2 
 I
	 		 	

 


 



 
  
  
 

 

 

 
-6%.  


 
 		 
 
 
  J
 
  
 
  


		

-65.
#R 31E)*1HS1TD1(#E1'H(1+H

 
  
 	


 
 	 	


 

  
   
  
	


 	


 
  




9
7
	





 @&

6& 
  %& 
 
  
 

   


 
  
  
 	


L 

 

95






95		






	





# 
	



 

	
	


	





 

 
   5?5 
 $5F 
 $$$

  %7  
     
 	






%7


02


0	2
96


C	
		



020	2








      






	
	





























      






	
	



























 !"


      







	


























 !"



 





	



	'
	



 
 



 

	

 

	





	












 
,



IC9 
 


 
E
J
ζ



  

World Academy of Science, Engineering and Technology
International Journal of Biological, Veterinary, Agricultural and Food Engineering Vol:8 No:6, 2014 
632International Scholarly and Scientific Research & Innovation 8(6) 2014
In
te
rn
at
io
na
l S
ci
en
ce
 In
de
x 
V
ol
:8
, N
o:
6,
 2
01
4 
w
as
et
.o
rg
/P
ub
lic
at
io
n/
99
99
97
8

 !		
  
 
  
 
 @  








	



	96




$%&



96

	

 




 


!5?5$$@
;6 $7
?5$6

%7?
;&







 
 


	
!
	
	


$%&



96


  :   
 
  


 9 
 
  9 6
 
   

 
 

   	 


  $&&& 

97


02


0	2
97



	



	
		


020	2





 
  9 7  
 	  
 	









:
	

 
$&&& 
 

%&&%;7
7F
66

$;	



5?
?

@
5

 
  9 7  
 	
   


	

















 
 
 
    
 

 
  
 	

    
  
: 
  	

	-66.
R(1+H'HG#


95	

	
	


 	
! 
  

  
 

 
	

	



		




  
   
  $%&  
 


@&6&%&
7




!5?5

$5F
$$$








7%7
	


%6

 
  9 6  
  
:	

 

    	  



	

	




 
 

 
   9

 




  	 
    	



  
 	


 
  
 

$$@





?
 
 
  
 	
 
 
   
 

 
  
 

  
 	 

 97

97





	





 
 
 

 
 	
! 
$&&&
I
 
 	
  
 
 	  
 
	


	




	


! 
 

 		


 


 

 

 !  	
  
  

  
  
   
  



:!
:!




 
	




!

 	


  

  
 	   

J



:	
!








 
  

  
 

  



	



 
 

  
 
 

 





 


9$




	


  
 	


   	
 

 













	
!	



!

	
 

 

 
  	

 


I









		  
! 
  	


  
    
	




     






	
	



























!"


   	    #  $ 

%







	

























 !"


World Academy of Science, Engineering and Technology
International Journal of Biological, Veterinary, Agricultural and Food Engineering Vol:8 No:6, 2014 
633International Scholarly and Scientific Research & Innovation 8(6) 2014
In
te
rn
at
io
na
l S
ci
en
ce
 In
de
x 
V
ol
:8
, N
o:
6,
 2
01
4 
w
as
et
.o
rg
/P
ub
lic
at
io
n/
99
99
97
8

R# )'H+#)'
I
 
 
 

 	 	


  
 
 
	
 
  
 
  
   	  I
 
 


 
  
 

  
	 
	

  
    
 


  

  
   



  	   	










:
	


	





 
 
   	

 
  
	  	
 

     	 	


 

 
 
  

  	 	


 


 	

 
 

  
  

	      	




I
 


 

	
  
 
 
  
   
 
 







!
(191(1'1
-$. /D
0%&&;2

#R
3(
C(U
1
#
0%
2
D
$$5%#,';?F
&$%5?6$66F
-%.  
 0%&&72  	


 0D 2 +
 
$SFS%&&? F"%@"5% E 	
 
" D*#H 
"SS
-5. H

0$;@72#






D  '
 4
 
 	   D '
 4

/$?";;$&$
-6. 1 / 0$;5%2 
 	   
	 

;0$$2"55$Q555
-7. 9 9
 / #  (  (  * G DE ,
0%&$62 ,    	 ,



	
		 
 #  	
 

'	 
 D I! #
 /  

,D

R
7#
56?77/
Q
%&$6#'"&;?@677&
-@. 4 B
 0$;;%2 +
   ,

 	  

1
!
E
1
#"+


  	 


 04
(  /!

2#

"
$;;Q%&?
-?.  ( 0$;;%2E
J 
    
 

 	 0 2 #"+

  	

 

 04
 (  /!  
2 #

"

%$?Q%%%
-F. 4 ) ,
 0$;F@2 ,   
 
 	



0)
 
2  
  D 	 	 

1
1
$7"$6$Q$6?
-;. *9I

=(' 0$;F?2,"D
D
#!D
E
	
676
-$&. 1G0$;F@2

	


8
"3


 
 

 
 
 1
  1

$7"$6;$@@
-$$.  ( 4
 0$;;%2 9 
  	  @5?? #  (
4
    /! 0
2 +
  D
  	 D

E

#

"

-$%. *1  0$;F62 E  D '
 4
 (


,
'55*

D#D'4566
-$5. I 
  # L# 0$;;;2 
	   	



0D

"	

2
,


 D  / #

	
D?5"%77Q
57;
-$6. E 4 =
 0$;;&2 1  	 
 
 #"
1
 

  	  4
 ( 
=3=
2(D
",(9H+$;7Q%$6
-$7. 1 1E  D
  4
 V
	  
 
/

,


D 8 1
'

M/
'
%&$$
*
650562"$;@Q%&&
-$@. 9 9
 D , ( G / )	 , 9
  
0%&$52


C
!

 
  C 


 
 #

/
,
(

R6#
%%&$5
$&7%$&@%#'&;?@%@$%
-$?. I 
 # K# ( E  , 
 0$;;52
D
  	    	


 D  
0

" 	

2  
  D (

 
:






3(

@@?%
-$F.    *
 0$;;&2 	


  	

 0


2  77 # $;F;  (

 (
  (
 *
*
H
!D'
4

-$;. ,E
0$;F62	


1,'%;3

$&"5%57
-%&. ,8

   *( 0%&$&2 
03

" P R

2  / I
  I

,
#E1CB70%2"@@$@@;
-%$. E 4 1 0%&$$2 
 
  
  

03

2 
 (
  
  E
 )

%%" $Q$? 0$@ 9
	 %&$$2"$&5F75S8$F576%$$%%%&$$$7@%
#'$F576%$$
-%%. # ,	  D , 0%&&52 
  

 	 
	
M*

 #


$6?D	

	 *

  
 D) ,: $&6%& I
 '

B
 )	
 %&&5 #' $$?7@7$; #,' &6?F%%7$5T
"SSJ
-%5. = R =	
 0$;@52 
 
  '
 4
 ,!

#'4
B%%"765@7$
-%6. (EE0$;;@2
	


	

 0*2 4
 03

"
2

3 
, 0

"	

2 #
9

$$%"$$?6$$?F
-%7. 11 4
 0%&&?2  I  9 
 

 0#
"3

"
29




*D#1$?;$F7+
9
-%@. *=G

*DHH	!0$;;;2#



 	

  H  092 0*
" ,	
2" 

  
	 0

" 	

2 
/10$;;;25F5&&Q5&6
-%?. +
0)
"3

9"

2
,  

  
  H
 


*

  1 
 +

"SS	


S
SE
J
0(


$6S&7S$62
-%F. ' = E    1!
 = '! /
,W
 , HX  EE! 0%&&52  
   



	
	D%%"77577;
-%;. 1 / 
 = 'K	 / = I !!
 = D8 
	 4 9 =

  , 4 / = 0%&&72 


       
 


5&F"$@6$$@6%
-5&. 'E
/1
	
0%&&?21 



 ,

 	   	  





" D
  
 	  ,
65"$67$77
-5$. 43 (  H

 0%&&%2 9
 
   
	


 0 
2 

    J




1E	@F"@5F5@5F?
-5%. (EE,I'=('33
0%&&@2(

#

J 	
03

2  ,  
 (
 ,



(		 0	

2 # ) D / ) D(


0
#
%&&@2D5?6;
-55. * #  0$;?62  

  
 !  
 
 

  
    		 0

"
	

2
D

#
,
  	  ? @6 
"SS	J
S
SS

S	SD
S

:
-56. H =  4 ,  4

  4 3 
 0%&&F2
1'
E
#

	
9

World Academy of Science, Engineering and Technology
International Journal of Biological, Veterinary, Agricultural and Food Engineering Vol:8 No:6, 2014 
634International Scholarly and Scientific Research & Innovation 8(6) 2014
In
te
rn
at
io
na
l S
ci
en
ce
 In
de
x 
V
ol
:8
, N
o:
6,
 2
01
4 
w
as
et
.o
rg
/P
ub
lic
at
io
n/
99
99
97
8

,


  D %&&F I 
 +
 E R

'

 (

  1:
 

 E R
 I
;F%?56?@F
"SS

S1')E)H)4GS(

(
S9
,	&F
-57. G3== 0$;;52 #
D
D

*

-5@.  *  
  
 , 	 E $7 %&$5
"SS
S	S	
S
YP;75$
-5?. 9 1 =
 0$;@;2 =
 (
=9
 Z
 

	

 )  

=
  
1
!(

26$;@;;5$&@
-5F. /(* D / D
 0$;F$23
 
	

(

=
/E?0$;F$2$@??7
-5;. /,
0%&&?2(
=

%0;2"5$6?
-6&. (
	
0%&&?2EH,
%0?2"%;%;
-6$. 99
(/)	,)
(*G
DE , 0%&$6	2 
     + 
 	 
 

 
 0(*E2 



C 1

 Q)

 / C
9

-6%. 99
(/)	,)
(*G
DE , 0%&$62 	
   

 E 
D1
1CE

R50$2$$;
-65. 9 9
 / # , +	
   ( G D ,
0%&$62 '   
     ) 
:
#
/#
(




1

  
 0#/#(12R 5 #
 7 #'" %5$;
F?75E%&$6
-66. 9E9



,43(/ H

(/
0%&&52 1    	

   	


  
  


 
  
   

			$6;0D$2"%5;Q%6?"$&$&;;S&%7?@$&
World Academy of Science, Engineering and Technology
International Journal of Biological, Veterinary, Agricultural and Food Engineering Vol:8 No:6, 2014 
635International Scholarly and Scientific Research & Innovation 8(6) 2014
In
te
rn
at
io
na
l S
ci
en
ce
 In
de
x 
V
ol
:8
, N
o:
6,
 2
01
4 
w
as
et
.o
rg
/P
ub
lic
at
io
n/
99
99
97
8
